In recent years, against a background of an environmental problem and resource problem, the introduction of RES (renewable energy source) such as wind power generation and PV (photovoltaic generation), EV (electric vehicle), and PHEV (Plug-in hybrid electric vehicle) has been expanding. However, various problems have an ongoing discussion. When the production of electricity by RESs exceeds the power consumption, it is possible to cause a steep variation of point voltage and a deviation from a proper voltage range in a distribution system to which RESs are interconnected. When EVs and PHEVs have spread to the distribution system, a new peak power-demand and a steep voltage drop might occur in the midnight charging time zone in case the electricity charges are low. In this paper, the authors analyze the effects on the distribution system under widespread PVs, EVs, and PHEVs. In addition, the authors propose an improvement plan and analyze about the influence and contribution.
Introduction


In recent years, the number of RES such as PV and wind power generation system that interconnects to a distribution system has been increasing to reduce the influence on the environment in Japan. And the number of an automobile powered by electricity such as EV and PHEV has been increasing too. The output of PV is influenced by change of weather conditions and causes a rapid fluctuation. When the production of electricity by RESs exceeds the power consumption, it is possible to cause a reverse power flow, steep change of point voltage, deviation from a proper voltage range, etc. In addition, when EVs and PHEVs have spread to the distribution system, a new power-demand and steep voltage drop might occur in the midnight charging time zone in case the electricity charges are low in Japan.
In this study, firstly, the authors build a detailed analysis model of general distribution system in Japan, and analyze the effects on the distribution system Corresponding author: Shoji Kawasaki, senior assistant professor, research fields: optimization control of distribution network and electric power quality improvement of distribution network.
introduced a demand response which changes the electric power usage according to the situation if the electric power supply and demand under widespread of PVs, EVs, and PHEVs. Next, the authors propose a new charging schedule for EVs and PHEVs, and analyze the influence and contribution on the distribution system introduced the proposed schedule under a variety of conditions. Finally, the authors summarize the results of analyses mentioned above as an index, and indicate it as a part of electric power system planning. Fig. 1 shows the used analytical model. The model was assumed the general three-phase (phase U, phase V and phase W) unbalanced distribution system of residential area in Japan. The electric power is supplied to loads through a distribution substation from a higher system like Fig. 1 . The line length between the nodes is 0.5 km (total line length is 3.5 km), and each line is assumed the aluminum wire (AL-OE120). Also, this feeder is composed of 9 loads, 
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